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Abstract 
 
The lower Mzingwane River was dammed in 1995 by the large (133 Mm3) Zhovhe Dam. 
Managed releases from the dam supply commercial agro-business and Beitbridge town, 
downstream. A substantial change in the flow regime of the Mzingwane River occurs 
downstream of Zhovhe Dam, with the capture of all flows early in the rainy season, most low 
flows, many larger flows and the reduction in magnitude of some floods. This change in flow 
regime could be the cause of observed changes in the channel morphology, where the active 
riverbed has declined in width and portions of the river channel on either side have been 
abandoned. These abandoned parts of the river channel appear to be being colonised by 
vegetation, which represents competition for water with the established riparian vegetation as 
well as with the water users. The ongoing non-inundation and abandonments of portions of 
the river channel and the apparent loss in aquifer material indicate that the extent of the 
alluvial aquifer is likely to decrease. The change in grain size from a coarse sand to a fine 
gravel (if substantiated, further sampling is required) could result in a decline in specific 
yield. Such changes would negatively impact the water storage and water supply potential of 
the Lower Mzingwane alluvial aquifer, and thus the current and potential water users. It is 
widely acknowledged that indigenous vegetation has evolved to prevailing water balance and 
soil moisture conditions, the riparian ecosystem, notably an important stand of acacia 
woodland, is also likely to suffer. 
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1. Introduction 
 
The construction and management regime of dams change the downstream flow regime of 
river. For example, in Southern Africa, concerns have been expressed about the impacts of 
the two largest dams on the Zambezi River, namely Kariba and Cabora Bassa (Guy, 1981; 
Davies et al., 2000). The construction and operation of dams cause disruption of the natural 
flow of the river through changes in the fluvio-geomorphic processes, which can have a 
profound impact on riparian zones (World Commission on Dams, 2000; Stromberg, 2001).  
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Impoundment, and the operational rules of a dam, exercise an obvious control over the 
downstream flow regime as many dams do not recreate the upstream flow pattern (e.g. Poff 
et al., 1997; King et al., 2003; Kileshye-Onema et al., 2006). The change flow regime affects 
many fluvio-geomorphic processes, including erosion, the sorting of fluvial sediment, 
deposition, channel formation and narrowing and channel migration (Benn and Erskine, 
1994; Friedman et al., 1998; Rubin and Topping, 2001; Church, 2006; Schmidt and Wilcock, 
2008). These changes in turn influence the riverine and riparian ecosystems (Friedman et al., 
1998; Shafroth et al., 2002; Malan and Day, 2003). This paper presents a study on the 
occurrence and impact of some of these changes downstream of Zhovhe Dam, in the northern 
Limpopo Basin. 
 
2. Methods 
 
2.1. Study area 
 
The Lower Mzingwane, a sub-basin of the Limpopo Basin (figure 1), is an ephemeral river, 
flowing on average 191 days per year (Love et al., in prep.). Zhovhe Dam (133 Mm3) was 
constructed in 1995-1996 in order to provide a secure water supply for Beitbridge town and 
for irrigation. Releases of water from Zhovhe Dam recharge an alluvial aquifer in the lower 
Mzingwane River and the water is abstracted from boreholes and well-points in the river and 
on the banks (Love et al., 2007). The dam provides significant economic benefits through 
commercial agro-businesses that use the water for production of export crops, mainly citrus. 
These agro-businesses represent the main source of employment in the area. The Lower 
Mzingwane also has the potential for benefitting a greater breadth of the local communities, 
through supporting the development of smallholder irrigation schemes (Owen and Dahlin, 
2005; Moyce et al., 2006). These current and potential economic activities are dependent on 
the operation of Zhovhe Dam.  
 
 
Figure 1. The Mzingwane River Valley, showing the location of Zhovhe Dam, the study sites (red 
dots), gauging stations (black dots) and settlements (black squares). (right) location within Zimbabwe 
and southern Africa. 
  
2.2. Flow regime 
 Downstream discharge from Zhovhe Dam was obtained from (i) dam records of managed 
releases (Qrel) and (ii) discharge over the spillway (Qspill) calculated from dam levels, using 
the equation for a broadcrested weir: 
     
(1)
 
Where Qspill = discharge over the spillway of Zhovhe Dam (m3s-1), C is the constant, 
taken as 1.705 (), b = length of weir (400 m) and h = height of water above weir (m) – 
i.e. difference between the water level in the dam (measured daily) and the spill level 
of dam (99.980 m). 
 
For the period of operation of Zhovhe Dam (1995 to present) there is no reliable inflow data 
available from the gauging stations on the Mzingwane River (station B91, located at B1 on 
figure 1) or the Umchabezi River (this is the left-bank tributary joining the Mzingwane River 
immediately downstream of B1). In order to generate inflow data, a daily water balance of 
Zhovhe Dam was prepared: 
 
   
(2)
 
Where all values are in Mm3, QB91 = upstream discharge on the Mzingwane River, 
QUmch = upstream discharge on the Umchabezi River, PZhDm = rainfall directly into 
Zhovhe Dam, EZhDm = evaporation from Zhovhe Dam, G = seepage from Zhovhe 
Dam,  ∆S = change in storage of Zhovhe Dam. 
 
Rainfall data (PZhDm) was obtained from rainfall records kept at Zhovhe Dam itself, or at 
Gems Farm (S2 on figure 1) where the former were unavailable, or Beitbridge (see figure 1) 
where neither Zhovhe Dam nor Gems Farm data were available. The daily volume of rainfall 
was obtained as follows: 
    PZhDm = PiSAi       
(3)
 
Where Pi is the rainfall recorded on a given day (m) and SAi is the surface area of the 
dam on that day (m2), obtained from the water level in the dam (measured daily) and 
the dam rating table. 
 
Potential evapotranspiration was calculated using the Hargreaves method (Allen et al., 1998), 
and converted to open water evaporation using a pan coefficient: 
  
(4)
 
Where Epan is open water evaporation (mm), Kp is the pan coefficient (taken as 0.7), 
Tmean is mean daily temperature (ºC), Tmax is maximum daily temperature (ºC), Tmin is 
minimum daily temperature (ºC) and Ra is daily insolation (MJm-2day-1).  
 
Daily temperature and radiation observations were from West Nicholson, the nearest station 
with these data, for the period October 2005 to May 2008. Prior to the former data, radiation 
data were not available and mean monthly evaporation values, computed from the period 
October 2005 to May 2008, were used. The daily volume of evaporation was obtained as 
follows: 
    EZhDm = EpanSAi      
(5)
 
 For seepage (G), an average daily value of 0.009 Mm3 was used. This value was obtained by 
solving equation (2) for days with no discharge upstream or downstream. The data period for 
this calculation was June to August 2005, June to August 2006 and June to August 2007. 
This data period was selected as being (i) within the period where actual rather than mean 
evaporation data was available and (ii) during the dry season when no upstream flow should 
have occurred. Days when a managed release occurred were also excluded. The calculated 
value is an order of magnitude lower than that for evaporation (daily average of 0.084 Mm3), 
which is consistent with the generally low permeability of basalts of this formation in 
southern Africa, except where the basalt layers are thin or heavily fractured (Bell and 
Haskins, 1997; Larsen et al., 2002). 
 
The change in storage of Zhovhe Dam (∆S) was obtained from the water level in the dam 
(measured daily) and the dam rating table. 
 
With the above data available, equation (2) was solved for total inflow, ie. QB91+QUmch. 
Small negative values of QB91+QUmch (between 0 and -0.5 Mm3) were eliminated, leaving 29 
negative values for the 4,543 day series. This suggests that the time series generated has an 
error margin of at least 0.5 Mm3. 
 
2.3. Geomorphology and vegetation 
 
To study the geomorphology and vegetation, six sites were selected based on regional 
geological mapping (Mineral Resources Centre, 2007), confirmed by ground truthing. The 
sites covered three types of bedrock that were to be found both upstream and downstream of 
Zhovhe Dam. At each site a cross-section was surveyed and the vegetation along the cross-
section identified.  
 
2.4. Sedimentology 
 
Analysis of the grain size distribution of sedimentary material can provide information on the 
provenance and depositional environment of that material (Weltje and Prins, 2007). At site 
S2, the results of a grain size analysis of the channel material was available from before the 
construction of Zhovhe Dam (Ekström et al., 1996). A grain size analysis was carried out in 
2008 with material sampled from the same site, as well as from site B2. Grain size 
distribution was determined by the sieve shaker method. The sieves used are US standard 
sieves with sizes 4000, 2800, 2000, 1000, 500, 250, 180, 125 and 32 µm. 
 
3. Results and discussion 
 
3.1. Flow regime 
 
Four effects of the dam on the flow regime can be seen in figure 2: Firstly, all upstream flows 
are retained by Zhovhe Dam in the earliest part of the rainy season (October/November). 
This is typical of large dams in the northern Limpopo Basin (Love et al., in prep.). 
Sometimes the late rainy season flows (April/May) are also retained, e.g. April 2008. All 
upstream flows are retained by the dam during drier years. For example, the only 
downstream flows in the 2006-2007 climatic season were planned releases for irrigation – 
this was a drought year with a moderate El Niño recorded during that season (Logan et al., 
2008).  
 
Secondly, there are no downstream low flows during the rainy season: the only downstream 
flows are the larger floods when the dam spills. The loss of low flows has important 
ecological significance, for example, low flows are thought to sustain herbaceous riparian 
vegetation (King et al., 2003). Such changes in flow regime can also be associated with loss 
of habitat and biodiversity (Brown and King, 2003). 
 
Thirdly, the dam releases only a limited number of large floods from upstream. The 
magnitude of these floods is often decreased, including for some of the extreme events such 
as Cyclone Japhet. This contrasts with the operation of some other large dams in Zimbabwe, 
such as Insiza and Rusape, where an increase in size or number of large floods is observed 
downstream (Kileshye-Onema et al., 2006; Love et al., 2006). Fourthly, there are small 
managed releases are made during June/July and August/September for irrigation and other 
water users; this is during the dry season when there are no natural (upstream) flows. 
 
3.2. Geomorphology and vegetation 
 
On both sandstone and basalt, the downstream cross-sections show increased channelization 
(figure 3). At the downstream sandstone site Mazunga Drift (site S2) part of the sand bed on 
each bank has now been abandoned by the river and the active channel width is reduced from 
nearly 200 m at Bwaemura School (site S1) to 150 m. The abandoned parts of the channel 
have been colonised by shrubs. At the downstream basalt site Zhovhe Irrigation Scheme (site 
B2) the active channel is now confined to an incised bed of under 30 m along the left bank, 
with a sloping flood channel of some 150 m, compared to an active bed width of 250 m 
upstream (Kwalu, site B1). The bulk of the sand bed is now apparently being colonised by 
trees and shrubs.  
 
The change is less apparent on the granitoids, although the channel is narrower at G2 than 
G1. It is likely that the observed channelization is due to (i) the regular system of managed 
releases and (ii) the decline in larger floods, and decline in magnitude of floods. This results 
in only partial inundation of the river channel. 
  
 
 
Figure 2. Flow regime of the lower Mzingwane River upstream and downstream of Zhovhe Dam, all 
data are daily m3s-1. Full time series (top left) since the construction of Zhovhe Dam in 1995. The 
three large cyclones are indicated. In most years upstream discharge increases from late November / 
early December but is retained by Zhovhe Dam. Spilling occurs leading to downstream discharge in 
late December / early January. Small managed releases are made during June/July and 
August/September. One example is the 2007-8 season (top right). This is also apparent in the monthly 
mean data (lower graph). Cyclone Japhet occurred during a season with low rainfall (centre left) and 
some of the inflowing water was retained by the dam. Cyclone Eline occurred half way through a 
season with normal rainfall, after Zhovhe Dam had already filled (centre right). Thus the bulk of the 
water was discharged downstream. 
Site G1 Zezani Bridge, upstream site on granitoid 
 
          
Site G2 Bertie Knott Bridge, downstream site on granitoid 
 
            
Site S1 Bwaemura School, upstream site on sandstone 
 
       
Site S2 Mazunga Drift, downstream site on sandstone 
 
         
Site B1 Kwalu Irrigation Scheme, upstream site on basalt 
 
           
Site B2 Zhovhe Irrigation Scheme, downstream site on basalt 
 
         
Figure 3. Variation of geomorphology and vegetation in the lower Mzingwane River channel for sites with similar geology, upstream and 
downstream of Zhovhe Dam. For each site: (left) surveyed cross-section at study site, with vegetation along cross-section below. (right) photo 
from study site. Key to vegetation: green = trees/shrubs, yellow = clear riverbed (no vegetation), light green = sandbank with trees/shrubs, black = 
bare rock. The narrowing of the active (bare) river channel and the colonisation of abandoned parts of the channel can be seen at sites S2 and B2. 
 3.3. Sedimentology 
 
Comparison of grain size analyses (figure 4) carried out at Mazunga Drift (site S2) 
immediately before (1995) and thirteen years after (2008) the construction of Zhovhe Dam 
show a substantial decline in the finer sediments and increase in the larger particle fraction. A 
Χ
2
 test confirmed that the sample from site S2 in 2008 is statistically distinct from that of site 
S2 in 1995 at 95 % probability. However, the 2008 samples from sites S2 and B2 were 
confirmed as statistically similar. 
 
This change at site S2 from 1995 to 2008 is from a mainly coarse sand sediment to a fine 
pebble / very coarse sand sediment, and a substantial change in grain size distribution. There 
are two possible explanations for this observation: The first explanation is that the 2008 
sediment represents material from a different provenance: neither the spillway nor the 
managed release system at Zhovhe Dam allow for significant downstream release of 
sediments, thus more recent (post-1995) sediments in the riverbed will have been carried 
down into the Mzingwane River by tributaries. There are two right-bank tributaries that join 
the Mzingwane River downstream of Zhovhe Dam (figure 1). Thus although erosion and 
removal of the existing (and pre-dam) downstream sediments continues, their replacement is 
from a different source and appears to favour the larger coarse sand / fine gravel particles.  
 
 
Figure 4. Grain size analysis of channel bed (alluvial aquifer) material at Mazunga Drift (site S2), 
immediately before (1995) and thirteen years after (2008) the construction of Zhovhe Dam. 1995 data 
after Ekström et al (1996). Material from Zhovhe Irrigation Scheme (site B2, 2008) is presented for 
comparison. Note that the composition of material sampled from site S2 in 2008 is much closer in 
composition to that sampled from site B2 on the same date, than to that sampled from site S2 at the 
earlier date (1995). 
 
The alternative explanation is that the 2008 sediment represents material from a different 
depositionary environment: The sample might have been collected from a slightly different 
point than the 1995 sample, or the alignment of the river channel could have changed in the 
intervening period. In either case, the 2008 sample could represent a different depositionary 
environment, thus different sedimentary facies. If this explanation is true, then no useful 
interpretations can be made from the observed differences. The similarity in composition 
between the material from sites S2 and B2 in 2008 favours explanation (i). However, the two 
explanations are not mutually exclusive. 
 
4. Conclusions 
 
A substantial change in the flow regime of the Mzingwane River occurs downstream of 
Zhovhe Dam, with the capture by the dam of all upstream flows early in the rainy season, 
most low flows, many larger flows and the reduction in magnitude of some floods that are 
released downstream. This change in flow regime could be the cause of observed changes in 
the channel morphology, where (for a given lithotype) the active riverbed has declined in 
width and sections of the river channel have been abandoned. These abandoned parts of the 
river channel appear to be being colonised by vegetation, which has been reported elsewhere 
for rivers undergoing channel narrowing (Friedman et al., 1998; Shamroth et al., 2002). This 
colonisation represents competition for water with the established riparian vegetation as well 
as with the water users. The change in flow regime is also likely to have caused a change in 
sediment load, but that has not been substantiated. 
 
The ongoing non-inundation and abandonments of portions of the river channel and the 
apparent loss in aquifer material (also supported by anecdotal reports of rock being visible in 
the downstream river channel which were previously covered by sand; P. Bristow, personnel 
communications, 2007) indicate that the extent of the alluvial aquifer is likely to decrease. 
The change in grain size from a coarse sand to a fine gravel (if substantiated, further 
sampling is required) could result in a decline in specific yield (the amount of water 
abstractable from the aquifer material under gravity drainage; Johnson, 1967). Such changes 
would negatively impact the water storage and water supply potential of the Lower 
Mzingwane alluvial aquifer, and thus the current and potential water users. It is widely 
acknowledged that indigenous vegetation has evolved to prevailing water balance and soil 
moisture conditions (Farmer et al., 2003), the riparian ecosystem, notably an important stand 
of acacia woodland, is also likely to suffer. 
 
Acknowledgements 
 
This paper is an output of the CGIAR Challenge Program on Water and Food Project ‘‘Integrated 
Water Resource Management for Improved Rural Livelihoods: Managing risk, mitigating drought 
and improving water productivity in the water scarce Limpopo Basin’’, with additional funding 
provided by the International Foundation for Science (Grant W4029-1). The opinions and results 
presented in this paper are those of the authors and do not necessarily represent the donors or 
participating institutions. Data for Zhovhe Dam were kindly provided by the Zimbabwe National 
Water Authority and the Zhovhe Water Users Association. The assistance of Farai Zihanzu 
(University of Zimbabwe Department of Geology), Charles Sakahuni (Mzingwane Catchment, 
Zimbabwe National Water Authority), Rob Smith (Gems Farm), Felix Whinya (Zhovhe Dam water 
bailiff, Zimbabwe National Water Authority), Paul Bristow (Cawood Mazunga Ranch) and the 
cooperation of the District Administrator and Rural District Council of Beitbridge District has been 
essential and is gratefully acknowledged. 
 
References 
Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. 1998. Crop evapotranspiration - 
Guidelines for computing crop water requirements - FAO Irrigation and drainage paper 
56. Food and Agriculture Organization of the United Nations, Rome. 
Bell, F.G. and Haskins, D.R. 1997. A geotechnical overview of Katse Dam and Transfer 
Tunnel, Lesotho, with a note on basalt durability. Engineering Geology, 46, 175-198. 
Benn, P.C. and Erskine, W.D. 1994. Complex channel response to flow regulation: 
Cudgegong River below Windamere Dam, Australia. Applied Geography, 14, 153-168. 
Brown, C. and King, J. 2003. Environmental flows: concepts and methods. Water Resources 
and Environment Technical Note C1 World Bank, Washington D.C. 
Brown, C.A., Pemberton, C., Greyling, A. and King, J. 2005. Drift User Manual: Biophysical 
Module for predicting overall river condition in small to medium sized rivers with 
relatively-predictable flow regimes. Water Research Commission Report, 1404/1/05. 
Church, M. 2006. Geomorphic response to river flow regulation: Case studies and time-
scales. Regulated Rivers: Research and Management, 11, 3-22. 
Davies, B.R., Beilfuss, R.D. and Thomas, M.C. 2000. Cahora Bassa retrospective, 1974–
1997: effects of flow regulation on the lower Zambezi River. Verhandlungen 
Internationale Vereinigung für Theoretische und Angewandte Limnologie, 27, 2149–2157. 
Ekström, K., Prenning, C. and Dladla, Z. 1996. Geophysical investigations of alluvial 
aquifers in Zimbabwe. MSc thesis (unpublished), Department of Geotechnology, Lund 
University, Lund, Sweden. 
Farmer, D., Sivapalan, M. and Jothityangkoon, C. 2003. Climate, soil and vegetation controls 
upon the variability of water balance in temperate and semiarid landscapes: downward 
approach to water balance analysis. Water Resources Research, 39, WR000328. 
Friedman, J.M., Osterkamp, W.R., Scott, M.L. and Auble, G.T. 1998. Downstream effects of 
dams on channel geometry and bottomland vegetation: Regional patterns in the great 
plains. Wetlands, 18, 619-633. 
Guy, P.R. 1981. River bank erosion in the mid-Zambezi valley, downstream of Lake Kariba. 
Biological Conservation, 19, 99–21.  
Johnson, A.I. 1967. Specific yield – compilation of specific yields for various geological 
materials. United States Geological Survey Water Supply Paper, 1662-D. 
Kileshye Onema, J.-M., Mazvimavi, D., Love, D., Mul, M. 2006. Effects of dams on river 
flows of Insiza River, Zimbabwe. Physics and Chemistry of the Earth, 31, 870-875. 
King, J., Brown, C., Sabet, H. 2003. A scenario-based approach to environmental flow 
assessments for rivers. River Research and Applications, 19: 619-639. 
Larsen, F., Owen, R., Dahlin, T., Mangeya, P. and Barmen, G. 2002. A preliminary analysis 
of the groundwater recharge to the Karoo formations, mid-Zambezi basin, Zimbabwe. 
Physics and Chemistry of the Earth, 27, 765-772. 
Logan, J.A., Megretskaia, I., Nassar, R., Murray, L.T., Zhang, L., Bowman, K.W., Worden, 
H.M. and Luo, M. 2008. Effects of the 2006 El Niño on tropospheric composition as 
revealed by data from the Tropospheric Emission Spectrometer (TES). Geophysical 
Research Letters, 35, L03816. 
Love, D., Owen, R.J.S., Uhlenbrook, S., van der Zaag, P. and Moyce, W. 2007. The lower 
Mzingwane alluvial aquifer: managed releases, groundwater - surface water interactions 
and the challenge of salinity. In: Abstract volume, 8th WaterNet/WARFSA/GWP-SA 
Symposium, Lusaka, Zambia, November 2007, p8. 
Love, D., Uhlenbrook, S., Twomlow, S. and van der Zaag, P. in prep. Changing rainfall and 
discharge patterns in the northern Limpopo Basin, Zimbabwe. Submitted to Journal of 
Hydrology. 
Love, F., Madamombe, E., Marshall, B. and Kaseke, E. 2006. Estimating Environmental 
Flow Requirements of the Rusape River, Zimbabwe. Physics and Chemistry of the Earth, 
31, 864-869.  
Malan, H. and Day, J. 2003. Linking flow, water quality and potential effects on aquatic 
biota within the reserve determination process. Water SA, 29, 297-304. 
Mineral Resources Centre. 2007. Geology of the Limpopo River Basin. WaterNet Challenge 
Program PN17 Activity Report 7 (draft). 
Moyce, W., Mangeya, P., Owen, R. and Love, D. 2006. Alluvial aquifers in the Mzingwane 
Catchment: their distribution, properties, current usage and potential expansion. Physics 
and Chemistry of the Earth, 31, 988-994.  
Owen, R. and Dahlin T. 2005. Alluvial aquifers at geological boundaries: geophysical 
investigations and groundwater resources. In: Bocanegra E, Hernandez M. and Usunoff E. 
(Eds.) Groundwater and Human Development, AA Balkema Publishers, Rotterdam, 
pp233-246. 
Poff, N.L., Allan, J.D., Bain, M.B., Karr, J.R., Prestegaard, K.L., Richter, B.D., Sparks, R.E., 
Stromberg, J.C. 1997. The natural flow regime. A paradigm for river conservation and 
restoration. BioScience 47: 769-784. 
Rubin, D.M. and Topping, T.J. 2001. Quantifying the relative importance of flow regulation 
and grain size regulation of suspended sediment transport α and tracking changes in grain 
size of bed sediment β. Water Resources Research, 37, 133-146. 
Schmidt, J.C. and Wilcock, P.R. 2008. Metrics for assessing the downstream effects of dams. 
Water Resources Research, 44, W04404. 
Shafroth, P.B., Stromberg, J.C. and Patten, D.T. 2002. Riparian vegetation response to 
altered disturbance and stress regimes. Ecological Applications, 12, 107-123. 
Stromberg, J.C. 2001. Restoration of riparian vegetation in the south-western United States: 
importance of flow regimes and fluvial dynamism.  Journal of Arid Environments, 49, 17-
34. 
Weltje, G.J. and Prins, M.A. 2007. Genetically meaningful decomposition of grain-size 
distributions. Sedimentary Geology, 202, 409-424. 
World Commission on Dams, 2000. Dams and development: a new framework for decision-
making: the Report on the World Commission on Dams. Earthscan, London. 
